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Abstract 
The desorption fluxes of CO2 from loaded aqueous amine solutions and pure water have been measured 
with a wetted wall reactor. There a well defined liquid surface is exposed to a defined gas atmosphere of 
CO2 and N2. Henry solubilities and rate constants were measured and compared to literature values to 
ensure reliable data generated by the employed analysis and experimental setup. 
Furthermore first desorption experiments under conditions comparable to available literature were per-
formed in order to align our data to already published data. Experimental conditions in this work were 
mainly chosen for the sake of comparability. In general a good agreement to existing data was found. 
Therefore our experimental setup and data analysis can be assumed to be valid for further investigations. 
© 2013 The Authors. Published by Elsevier  Ltd. 
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1. Introduction  
The examination of heterogeneous reactions involving reaction and transport steps require a detailed 
understanding of their influences on the entire process. Therefore one needs special experimental setups 
and mathematical models to describe and examine these reactions. For the separation of CO2 from 
gaseous mixtures, i.e. flue gases, amines are widely favored for their high absorption rates for rather low 
CO2 partial pressures. Among the wide range of amines and their aqueous solutions 30 wt.-% MEA 
solutions are often used a standard for comparing other solutions performances.  
Up to now a lot of attention has been paid to kinetic and thermodynamic studies of the CO2-absorption 
into these solutions. A Wide range of experimental set-ups [1, 2], mathematical models [2, 3] and 
literature data on this field is known. Some very informative scientific reviews provide a good overview 
of the available kinetic data. [4, 5] Thus the absorption of CO2 in aqueous solutions may be regarded as 
extensively studied and thoroughly understood. 
© 2013 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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At the same time only little data exist for the desorption process [6-9]. In our work we build a wetted 
wall reactor, fairly similar to [10] to examine the absorption and desorption kinetics of CO2 in different 
aqueous solutions. The measured desorption fluxes are compared to available literature data [6-9] and 
show a good agreement with these data. Nevertheless a deviation can be found for higher CO2 loadings. 
In this work we only focus on a few initial studies in order to compare our results to available data in 
the literature for rather low temperature desorption. Further works will spread to a larger variety of 
conditions i.e. higher temperatures, pressures and desorption by thermal stripping in packed columns. 
2. Experimental 
To examine the absorption a desorption kinetics a wetted wall reactor is used in this work. This type of 
apparatus provides a well defined, laminar liquid-gas interface and rather short gas-liquid contact times. 
Fig. 1: Experimental setup 
Figure 1 gives an overview over the employed experimental reactor and its peripheral devices. All 
experiments were carried out at a total system pressure of 1 atm. The CO2 partial pressure varied between 
5 kPa and 30 kPa for the absorption experiments. Desorption experiments were performed by using a pure 
nitrogen atmosphere. The gas flow rate varied between 75-100 L/h and the liquid flow rate was constant 
at 35 L/h for all experiments. The gas flow and atmospheric composition is controlled via two mass flow 
controllers. Before entering the reactor the gas is heated to the experimental temperature and saturated 
with water at this temperature to prevent any solvent evaporation. The liquid is also heated to the 
experimental temperature to prevent any condensation or evaporation.  
The reactor itself consists of two glass cylinders between two steel flanges. Within the inner cylinder a 
stainless steel cylinder of 9 cm height and an outer diameter of 2 cm is mounted. A laminar film is 
generated in the reactor by pumping the liquid through the inside of this stainless steel tube, which creates 
a laminar liquid film on its outer surface.  
At the given tube diameter and height surface disturbances can be measured. At the bottom of the 
cylinder the liquid is collected in a receiver and then pumped through the cylinder again in a circular 
flow. The total liquid volume in the system is 137 mL. Gas and liquid pass each other in the reactor in a 
Heater
CO2    N2
supply 
Mixing vent 
Mass Flow 
Controller 
Analyzer 
Saturator
Reactor
Heating
circuit
Heater
Pump 
 A. Tunnat et al. /  Energy Procedia  51 ( 2014 )  197 – 206 199
countercurrent flow. After flowing through the reactor the gas is lead to an IR-Analyzer that measures and 
records the gas phase composition every 3 s.  
3. Experimental results 
3.1.  Absorption and validation 
In order to validate our experimental setup and data analysis some general measurements were 
performed.  
All shown data are the mean values for at least three measurements. Measurements could be repeated 
with a mean deviation of about 5 %. 
First of all the Henry solubility of CO2 in pure water was measured. For this purpose absorption and 
desorption experiments were performed until the equilibrium, so that no more CO2 absorbed or desorbed, 
was reached. The integral of all absorbing or desorbing CO2 into or from the liquid then directly derives 
the Henry solubility. 
Figure 2 shows the measured Henry solubilities in comparison two some literature values [11, 12]. For 
temperatures up to 90°C our values are in a good agreement with the literature values. A deviation to 
slightly higher values has to be noted for temperatures higher than 90 °C. In this context it has to be 
noted, that only temperatures up to 85 °C were directly measured and higher temperatures were 
mathematically extrapolated. This might to some extend explain these deviations. 
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Fig. 2: Measured CO2 Henry solubilities in pure water compared to Versteeg et al. [11] and Rinker et al. [12]
Apart from the measurement of Henry solubilities, that represent an equilibrium, some kinetic mea-
surements for validation were performed as well. For this purpose the absorption fluxes of CO2 in 
1 mole/L MEA solutions were measured. To calculate the second order reaction constant the following 
equation is used. 
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Various measurements with different pressures, gas flows and carrier gases showed relatively small 
gas phase mass transfer coefficients compared to the liquid phase mass transfer coefficients. Therefore the 
gas phase mass transfer coefficient neglected in (1). 
By employing the following relation for the Hatta-number (2) one yields in combination with (1) 
equation (3). 
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The necessary physical properties were obtained from the literature. The diffusion coefficient was 
calculated by the N2O-CO2 analogy and based on the relation provided by Ko et al. [13]. 
Figure 3 shows a comparison of our calculated second order reaction constants for CO2 with aqueous 
MEA with the literature overview provided in the review by Aboudheir et al. [4]. 
0
5
10
15
20
25
30
285 290 295 300 305 310 315 320 325 330 335 340
T [K]
k2
 [m
³/m
o
le
 s
]
1960's
1970's
1980's
1990's
2000's
This work
Fig. 3: Calculated reaction constants in comparison to some literature values [4] 
Here it has to be noted that our calculated values are in a very good agreement with the provided 
literature values. Within all the published rate data a significant scattering can be found. This mainly has 
to be contributed to uncertainties in the physical solvent properties and to difficulties in exact measure-
ments of the interface surface area [14]. Furthermore it has to be noted, that most of the published rate 
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data only govern temperatures of 20-40 °C. Our data range up to 60 °C and show a slight deviation to 
lower values in contrast to the reviewed rate data here. 
3.2. Desorption measurements 
As stated earlier all desorption measurements were performed at a total system pressure of 1 atm. To 
create a driving force for the CO2-desorption the reactor was purged with pure nitrogen for the desorption 
experiments.  
First the physical desorption process from pure water was examined. Here it was possible to describe 
this process by the two film theory according to (4). 
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Here all necessary values were taken from our measurements. 
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Fig. 4: Measured vs. calculated desorption rates for pure water at 313 K 
As can be seen in Figure 4 the simple two film model represents the desorption process of CO2 from a 
simple physical solvent such as water very accurate. The shown data are only for representative matters, a 
similar match can be found for temperatures between 20-80 °C as well. At this point it also has to be 
noted, that pure water can be completely stripped from all dissolved CO2 by matters of simply purging it 
with nitrogen. In contrast to this rather straightforward case of CO2-desorption from pure water, the 
analysis of desorption processes of reactive, chemical solvents is a bit more complicated. 
Figure 5 shows measured desorption fluxes for a 1 M MEA solution at 60 °C for CO2 loadings up to 
0.5, listed in Table 1. 
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Table 1: Measured desorption fluxes for 1 M MEA at 60 °C  
loading [mole/mole] flux  ·104 [mole/m² s] 
0,273 1,48 
0,358 1,75 
0,404 2,07 
0,489 6,19 
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Fig. 5: Measured CO2-desorption fluxes from a 1 M MEA solution at 60 °C 
The measured values range from loadings up to 0.5. For lower loadings a good agreement with 
published data by Jamal et al. [7] can be found. It has to be noted that our values are slightly higher than 
the previously published. For the highest loading at almost 0.5 we measured a significantly higher flux 
than Jamal et al. Within the tolerance of our measurements we can still assume a good agreement with the 
published data by Jamal et al. for lower loadings. Our measurements of desorption fluxes from aqueous 
DEA solutions are shown in Figure 6.  
Here it has to be mentioned, that the measured fluxes for aqueous DEA are about twice as high as for 
aqueous MEA solutions. This might to some extent also be contributed to the higher carbamate stability 
of MEA. Furthermore one may notice that the fluxes increase with increasing temperature. Compared to 
literature data provided by Kierzkowska-Pawlak et al. [9] our values again deviate to higher fluxes. Here 
the lower values provided in [9] might partially also be contributed to the batch wise operation of the 
stirred tank reactor employed there. First measurements indicate that the measured desorption fluxes are 
quite sensitive to an accumulation of CO2 at the gas side boundary layer. 
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Fig. 6: Measured CO2-desorption fluxes from aqueous DEA solutions 
Figure 7 shows the measured CO2-desorption fluxes for aqueous MDEA solutions at 30-60 °C. This 
tertiary amine and therefore physical solvent shows slightly lower desorption fluxes than MEA or DEA. 
The experiments also show increasing desorption fluxes with increasing temperatures, even though the 
measurements at higher temperatures were performed at lower loadings. Comparing our results to those 
of Kierzkowska-Pawlak et al. [6] a very good agreement can be found. Although the results presented in 
[6] and [9] employed the same experimental setup they only deviate significantly for the DEA 
measurements from our measured fluxes. 
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Fig. 7: Measured CO2-desorption fluxes from aqueous MDEA solutions 
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Fig. 8: Measured CO2-desorption fluxes from aqueous 1 M NMEA solutions 
Figure 8 shows the continuous measurement of CO2-desorption fluxes from 1 M aqueous MMEA 
solutions at temperatures from 30-60 °C. Here it can also be seen that desorption fluxes increase 
significantly with increasing temperature. Furthermore the equilibrium loading decreases with increasing 
temperature. One should also mention that desorption fluxes first decrease rapidly for loadings near the 
equilibrium loading and then slowly approach a limit. 
4. Concluding remarks 
For our work we built a wetted wall reactor as presented earlier. This experimental setup and our 
method of data analysis were validated by measuring Henry solubilities and kinetic rate constants for 
different reactive solutions and comparing the obtained values to the literature. A very good agreement to 
the literature values was found. Within our work the desorption rates of CO2 from different aqueous 
amine solutions and water were examined. These measurements show a good agreement with the two 
film model for the desorption of CO2 from pure water. The measured desorption fluxes for different 
amine solutions are also in a good agreement with the few available literature values. Though our 
experiments show significantly higher desorption rates for CO2 loadings above 0.5. To some extent we 
assume that this might be contributed to a CO2 accumulation in the gas phase boundary layer caused by 
the batch wise operation of the reactor. Some initial experiments showed a high sensitivity of desorption 
fluxes to the interfacial CO2 concentration. 
The results gathered in this work are not supposed to be directly transferred to technical desorber 
conditions as those normally operate under different conditions (higher temperatures and pressures). 
There it has to be noted that the fluid dynamics of desorption in a desorber at higher temperatures and 
pressures are significantly different from our lab scale desorption from laminar surfaces with comparably 
small driving forces. Further works will also include the use of a stirred cell reactor operating at higher 
pressures and temperatures to gather kinetic under those experimental conditions. 
Nomenclature 
a loading as mole fraction (mole CO2/mole amine) 
c concentration 
D Diffusion coefficient 
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DEA Diethanolamine 
H Henry coefficient 
Ha Hatta number 
j flux 
k mass transfer coefficient 
k2 second order rate constant 
MDEA Methyldiethanolamine 
MEA Monoethanolamine 
NMEA N-Methylaminoethanol 
p pressure 
p(CO2) partial pressure CO2
R gas constant 
t time 
T temperature 
V volume 
Subscripts 
b component b 
g gas 
l liquid 
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